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(57) ABSTRACT 

The invention relates generally to a method for fabricating 
oxygen-implanted semiconductors, and more particularly to 
a method for fabricating oxygen-implanted silicon-on-insu 
lation (“SOI) type semiconductors by cutting-up regions 
into device-sized pieces prior to the SOI-oxidation process. 
The process sequence to make SOI is modified so that the 
implant dose may be reduced and relatively long and high 
temperature annealing process steps may be shortened or 
eliminated. This simplification may beachieved if, after oxy 
gen implant, the wafer structure is sent to pad formation, and 
masking and etching. After the etching, annealing or oxida 
tion process steps may be performed to create the SOI wafer. 

13 Claims, 6 Drawing Sheets 
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METHOD FOR FABRICATING 
OXYGEN-IMPLANTED SILICON ON 

INSULATION TYPE SEMCONDUCTOR AND 
SEMCONDUCTOR FORMED THEREFROM 

FIELD OF THE INVENTION 

The invention relates generally to a method for fabricating 
oxygen-implanted semiconductors, and more particularly to 
a method for fabricating oxygen-implanted silicon-on-insu 
lation (“SOI) type semiconductors by etching regions into 
device-sized pieces prior to the SOI-oxidation process. 

BACKGROUND OF THE INVENTION 

For traditional oxygen-implanted SOI, it may be desirable 
to make an SOI wafer and then build devices on the SOI. 
Current processes for making silicon-on-insulator Substrate 
layers may involve using oxygen ion implant (“SiMOX'). 
SiMOX requires a high dose oxygen implant into a Substrate, 
such as a silicon substrate, to build a sufficiently thick buried 
oxide (“BOX) layer. However, converting the whole wafer 
surface all at once to an SOI layer often requires diffusion of 
significant quantities of oxygen through the top silicon Sur 
face in order to make a Sufficiently high quality buried oxide. 

Such oxygen diffusion requires an annealing process (also 
referred to as an oxidation process), which often occurs for a 
relatively long time at a relative high temperature. The 
annealing process turns the implanted layer into a true silicon 
dioxide, returns the top of the silicon to a defect-free state, and 
diffuses additional oxygen atoms through the SOI layer into 
the BOX layer. Additional oxygen is often used in the anneal 
ing process to consume Small silicon particles left behind 
during the BOX layer formation. As this through-diffusion of 
oxygen competes unfavorably with oxidation of the top sili 
con surface (and the SOI-BOX interface), the process is often 
inefficient, and may require very long processing times at 
very high temperatures. Further, the top-surface oxidation 
may consume large portions of silicon available for the SOI 
layer. 

After fabrication of these SOI substrates, processing gen 
erally continues employing conventional semiconductor inte 
grated circuit fabrication techniques. An example of Such 
processing includes forming a pad oxide and/or a pad nitride 
on the SOI. A mask is then applied to the pad oxide and/orpad 
nitride layers and the structure is etched. The mask is 
removed, and the resulting structure is annealed or oxidized 
to cure the portion of the SOI layer exposed by the etching. 
Additional processes, such as isolating SOI structures by 
filling spaces between devices with an electrically isolating 
material. Such as silicon dioxide, may also occur. 
The high cost of fabricating SOISiMOX wafers is often a 

major cost hurdle for advanced semiconductor manufactur 
ing. Current SOI manufacturing for silicon integrated circuits 
programs often has to passalong the higher costs to customers 
(e.g., keeping bulk silicon technology for everyday applica 
tions), or use Substrates produced using bonding techniques. 
Bonding, however, also may be expensive. If high perfor 
mance SOI is to become mainstream, cost reductions may be 
important. 

SUMMARY OF THE INVENTION 

An exemplary aspect of the invention provides a method 
for forming a semiconductor structure according to principles 
of the invention. The method may include the steps of 
implanting oxygen into a substrate to form a first layer and a 
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2 
second layer in the substrate. The method may further include 
removing at least one portion of the first layer of the substrate 
and oxidizing the resulting Substrate. 
A further exemplary aspect of the invention provides a 

method for forming a semiconductor structure according to a 
principle of the invention, where the method may include 
implanting oxygen into a substrate to form a first layer and a 
buried oxide layer in the substrate. The method may further 
include removing at least one portion of the first layer of the 
Substrate, and oxidizing the resulting Substrate to increase the 
thickness of the buried oxide layer. 
A further exemplary aspect of the invention provides a 

semiconductor structure according to a principle of the inven 
tion, where the structure may include a first layer and a second 
layer adjacent to the first layer. At least one portion of the 
second layer may be exposed through the first layer and 
exposes at least one side wall of the first layer. The structure 
further may be characterized in that the at least the side wall 
of the first layer and the second layer are oxidized substan 
tially simultaneously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the inven 
tion will become more apparent to those of ordinary skill in 
the art by describing in detail exemplary embodiments 
thereof with reference to the attached drawings. 

FIG. 1 is a cross-sectional view of a substrate layer accord 
ing to principles of the invention; 

FIG. 2 is a cross-section view of an oxygen-implanted 
Substrate layer according to principles of the invention; 
FIG.3 is a cross-sectional view of pad materials formed on 

a Substrate layer according to principles of the invention; 
FIG. 4 is a cross-sectional view of an etched substrate layer 

according to principles of the invention; 
FIG. 5 is a cross-sectional view of an annealed substrate 

layer according to principles of the invention; and 
FIG. 6 is a cross-sectional view of an isolated substrate 

layer according to principles of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

According to an embodiment of the invention, the process 
sequence to make SOI is modified so that an implant dose 
may be reduced, and relatively long and high temperature 
annealing process steps may be shortened or eliminated. This 
simplification may be achieved if, after oxygen implant and 
prior to BOX anneal, a wafer structure is sent to pad forma 
tion, and masking and etching. 
Once the top silicon layer has been cut into pieces by the 

etching process, more-standard oxidation processes may be 
employed to complete BOX formation. This process may take 
advantage of a diffusion “short-circuit' through the BOX 
layer to grow a thicker BOX layer than would be achieved 
through the oxygen implant alone. Thus, it may no longer be 
necessary to defuse oxygen through the silicon. Rather, oxy 
gen is defused through the oxide from the edge of the etched 
stacks. An exemplary embodiment according to principles of 
the invention will now be described below. 

FIG. 1 is a cross-sectional view of a substrate layer accord 
ing to principles of the invention. The substrate wafer 10 is 
used at the start of the process. The substrate wafer 10 may be 
formed of a material. Such as silicon, that permits implanting, 
or doping, by other materials. 

FIG. 2 is a cross-section view of an oxygen-implanted 
Substrate layer according to principles of the invention. The 



US 7,504,314 B2 
3 

substrate wafer 10 is implanted with a dose of oxygen 15. By 
way of example, a silicon substrate wafer 10 is implanted with 
high dose of oxygen for forming a SiMOX layer. As described 
above, SiMOX may require a high dose oxygen implant into 
a Substrate. Such as a silicon Substrate, to build a Sufficiently 
thick buried oxide (“BOX). Implantation of the substrate 
wafer 10 results in a first silicon layer 20, an oxygen-im 
planted silicon layer 25 and a second silicon layer 30. The 
oxygen may be implanted using standard implanting pro 
cesses known in the art. 

FIG.3 is a cross-sectional view of pad materials formed on 
a Substrate layer according to principles of the invention. Pad 
materials may include a pad oxide and a pad nitride on the 
silicon layer 20. As illustrated in FIG. 3, a pad oxide 35 is 
placed adjacent the first silicon layer 20. Further, a pad nitride 
layer 40 is placed adjacent the pad oxide layer 35. Padmate 
rials may be applied using standard pad application processes 
known in the art. 

FIG. 4 is a cross-sectional view of an etched substrate layer 
according to principles of the invention. A mask (not shown) 
is applied over the pad oxide layer and/or pad nitride layers. 
The mask may be applied using standard application pro 
cesses known in the art. First silicon layer 20 of the substrate 
wafer 10 is etched, and the mask is removed. In the example 
illustrated in FIG. 4, two islands 45A and 45B are formed 
from the etching process. Each of islands 45A and 45B com 
prise a portion of the first silicon layer 20, a portion of the pad 
oxide layer 35 and a portion of the pad nitride layer 40. The 
etching may be any standard etching process known in the art. 

FIG. 5 is a cross-sectional view of an annealed substrate 
layer according to principles of the invention. The structure 
resulting from the etching is annealed or oxidized to cure the 
portions exposed by the etching. In the example illustrated in 
FIG. 5, the islands 45A and 45B have a shallow trench 55 
located between them; shallow trench 55 is the result of the 
etching. Oxidized sidewalls 60 may also result from the 
annealing process. 
As the top surface is protected by a pad layer, Such as a pad 

nitride and/or a pad oxide layer, incipient SOI silicon is con 
sumed during annealing only at the BOX/SOI interface and 
on sidewalls 60. Unwanted top-surface oxide may be reduced 
or eliminated, thereby eliminating the need for its removal. 
Further, associated top-surface silicon consumption may be 
reduced. The annealing may be any standard annealing pro 
cess known in the art. 

According to an embodiment of the invention, there may be 
a limit to the maximum width of an SOI island, as BOX cure 
oxidation occurs via diffusion from the edges. Oxidation 
conditions for an annealing process may be chosen to mini 
mize edge-to-center differences across the island dimensions. 
Examples of Such considerations include, but are not limited 
to, using wet oxidation and using relatively high temperatures 
(such as, higher than 1000° Celsius). 

According to an embodiment of the invention, if the 
amount of BOX oxidation necessary for a high-quality SOI 
device exceeds that allowable for sidewall oxidation 60, then 
the sidewalls may be protected with a nitride spacer (not 
shown) applied after etching but before the oxidation. FIG. 5 
illustrates the oxidation of the BOX layer combined with the 
oxidation of the sidewalls. It is understood that the SOI island 
width may be etched to a dimension greater than the desired 
final size in order to accommodate silicon consumption dur 
ing sidewall oxidation. Defusing the oxygen from the sides 
may be an order of magnitude faster than diffusion through 
the first silicon layer 20, and can translate into savings in time 
and a much lower temperature process. 
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4 
FIG. 6 is a cross-sectional view of an isolated substrate 

layer according to principles of the invention. The island 
structures 45A and 45B are isolated by filling the shallow 
trench 55 with an electrically isolating material 50, such as 
silicon dioxide. 
While the invention has been described in terms of exem 

plary embodiments, those skilled in the art will recognize that 
the invention can be practiced with modifications and remain 
within the spirit and scope of the appended claims. 
What is claimed is: 
1. A method for forming a semiconductor structure com 

prising the steps of: 
implanting oxygen into a Substrate to form a first layer and 

a second layer in the Substrate; 
removing at least one portion of the first layer of the sub 

strate to form a resulting Substrate; and 
oxidizing the resulting Substrate, 
wherein the first layer is a silicon-on-insulator layer, 
wherein the second layer is a buried oxide layer, 
wherein the step of removing the at least one portion of the 

first layer of the substrate further comprises: 
applying a mask to a surface of the first layer of the 

Substrate; and 
etching the first layer of the substrate, and 

wherein the step of removing the at least one portion of the 
first layer of the substrate exposes the second layer of the 
Substrate. 

2. The method according to claim 1, further comprising the 
step of applying a pad material layer to the first layer of the 
Substrate, wherein at least a portion of the pad layer is 
removed during the step of removing the at least one portion 
of the first layer, and the pad material layer is a material 
selected from the group consisting of oxide, nitride, or a 
combination of Such materials. 

3. The method according to claim 1, wherein the step of 
oxidizing the resulting Substrate increases the thickness of the 
second layer of the substrate. 

4. The method according to claim 1, further comprising the 
step of providing a material in the removed at least one por 
tion of the first layer of the substrate. 

5. The method according to claim 4, where the material is 
silicon dioxide. 

6. The method of claim 1 where the sidewalls of the first 
layer exposed during removal of the at least one portion of the 
first layer are protected by silicon nitride spacers prior to 
oxidizing the resulting Substrate. 

7. A method for forming a semiconductor structure com 
prising the steps of: 

implanting oxygen into a Substrate to form a first layer and 
a buried oxide layer in the substrate; 

applying a pad material layer to the first layer of the Sub 
Strate; 

applying a mask to a surface of the pad material layer, 
etching the pad material layer and the first layer of the 

Substrate, wherein the etching removes at least one por 
tion of the pad material layer and the first layer of the 
Substrate to form a resulting Substrate; and 

oxidizing the resulting Substrate to increases the thickness 
of the buried oxide layer, 

wherein the step of removing the at least one portion of the 
first layer of the substrate exposes the buried oxide layer 
of the substrate. 

8. The method according to claim 7, wherein the step of 
oxidizing the resulting Substrate simultaneously passivates 
the sidewalls of the first layer exposed by the etching. 
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9. The method according to claim 7, further comprising the wherein the exposed at least one sidewalls of the first layer 
step of providing silicon dioxide in the removed at least one is protected by silicon nitride spacers prior to oxidizing 
portion of the buried oxide layer. a resulting Substrate. 

11. The semiconductor structure according to claim 10, 
10. A semiconductor structure comprising: 5 further comprising a material located adjacent the exposed 
a first layer; and portion of the second layer. 
a second layer adjacent to the first layer, wherein at least 12. The semiconductor structure according to claim 11, 

one portion of the second layer is exposed through the wherein the material is silicon dioxide. 
first layer and exposes at least one sidewall of the first 13. The semiconductor structure according to claim 11, 
layer, and characterized in that the at least one sidewall 10 wherein the material electrically isolates at least one portion 
includes an oxide layer, R the first layer from at least one other portion of the first 

ayer. wherein the second layer is a buried oxide layer resulting 
from a high dose oxygen implantation, and k . . . . 


